Diversity of marsupial frogs (Anura: Hemiphractidae: Gastrotheca) in the northern Cordillera Central, Peru, with the descriptions of two new species. Two new species of Gastrotheca are represented by adult females, genomic data of these are included in a phylogenetic analysis, whereby they are placed in the northern clade of the subgenus Gastrotheca. One new species, G. spectabilis, is unique within the genus in having a color pattern consisting of white labial, rostral, and canthal stripes. The second new species, G.
Introduction
Frogs in the family Hemiphractidae are unique in that fertilized eggs are carried on the back of the female (Cryptobatrachus, Hemiphractus, and Stefania) , in an open pouch on the back of the female (Fritziana), or in a closed pouch on the back of the female (Flectonotus and Gastrotheca). Molecular phylogenetic analyses place Gastrotheca as the most derived genus in the family (Blackburn and Duellman 2013 , Castroviejo-Fisher et al. 2015 , Duellman 2015 . The greatest diversity of Gastrotheca is in the Andes where the elevational ranges of some species (e.g., G. peruana and G. riobambae) Dubois (1987) , whereas the Central Andean clade became the subgenus Gastrotheca. As depicted in Figure 1 , the phylogenetic tree of the subgenus Gastrotheca contains three major clades. The northern clade contains species that have a biphasic life cycle; the group ranges from central Ecuador to northern Peru and contains the new species described herein. The Peruvian clade consists of species undergoing direct development and ranging from northern Peru to northern Bolivia. The southern clade is made up of species having both kinds of life histories; species in this clade range from central Peru to northern Argentina.
Recognition of species of marsupial frogs in southern Ecuador and northern Peru began species, Gastrotheca peruana from the northern part of the Cordillera Occidental in Peru. This was followed by the descriptions of G. monticola from the Huanacabamba Depression in northern Peru (Barbour and Noble 1920) and G. lojana from the Loja Basin in southern Ecuador.
species from southern Ecuador, G. psychrophila (Duellman 1974) and G. litonedis and G. pseustes (Duellman and Hillis 1987) . Gastrotheca galeata (Trueb and Duellman 1978) and G. lateonota (Duellman and Trueb 1988) were named from the Huancabamba Depression in northern Peru and seven from northern Peru-G. abdita (Duellman 1987), G. ossilaginis and G. phalarosa (Duellman and Venegas 2005) , G. phelloderma (Lehr and Catenazzi 2011 ), G. dysprosita (Duellman 2013 ), and G. aguaruna and G. aratia (Duellman et al. 2014 . Most recently, CarvajalEndara et al. (2017) are describing three more species from the Andes in southern Ecuador. To this conglomeration we add two more species from northern Peru. Molecular data of these three species and the two described herein were used in a previous molecular analysis (Duellman 2015) .
Materials and Methods
Eleven specimens of Gastrotheca collected in the northern part of the Cordillera Central in the basis of this paper. Two new species are contained in this sample. Unfortunately one of these species is represented by only one adult female; the other is represented by an adult other juveniles probably represent another undescribed species; unfortunately tissues were not taken from these individuals.
The morphological characters and 16 measurements are those used by Duellman and Hillis (1987) and Duellman (2013 Duellman ( , 2015 All measurements are in millimeters, and snout-vent I. Codes for museum collections are those listed based on the tree provided by Duellman (2015) constructed from analyses of four genes (16S, ND1, POMC, and RAG-1); see Duellman (2015) for details; Genbank accession numbers are two samples of Gastrotheca pseustes are labeled "N" and "S", representing northern and southern populations of that species. Of the two G. oresbios sp. nov., "A" is the holotype CORBIDI 11076 from Abra Barro Negro and "B" is CORBIDI 11040 from Hornillo. The associated Genbank numbers are designated Gastrotheca sp. E for the holotype of G. spectabilis sp. nov. and Gastrotheca sp. F for the holotype of G. oresbios sp. nov. (see Figure 3 .1 in Duellman 2015).
coordinates were obtained by Garmin® GPS
Results
The new species are placed in the genus Gastrotheca because females have dorsal brood pouches. Furthermore, genomic data place them in the subgenus Gastrotheca (Figure 1 ). Skin on dorsum smooth with scattered small tubercles, especially numerous on supratympanic granular anteriorly, tubercular posteriorly; skin thighs granular; cloacal tubercles and folds absent; pair of enlarged tubercles below cloaca; opening of brood pouch U-shaped with anterior border at level of sacrum. Dentigerous processes of vomers posteromedially inclined, narrowly separated medially, between round choanae, shallowly notched posteriorly, free behind for about one fourth of its length; nature of vocal slits unknown.
Gastrotheca oresbios
In preservative, dorsal surface of body and limbs dull gray with faintly darker grayish brown paravertebral marks originating on eyelids, body, coalescing posterior to sacrum, then bifurcating and terminating at level of opening of brood pouch. Flanks pale gray above cream below; anterior and posterior surfaces of thighs and ventral surfaces of body and limbs dull cream; no transverse bars hind limbs. Markings on head consisting of dark brown canthal and pale greenish tan.
In life, the dorsum is tan with reddish brown middorsal mark on head and body and transverse bars on forearm, thigh, and shank ( Figure 2A and IV and between Toes IV and V; subarticular tubercles small, subconical; supernumerary tubercles, segments of toes. minute tubercles on supratympanic fold and on side of head posterior to eye; skin on belly and granular; cloacal tubercles and folds absent; opening of brood pouch U-shaped with anterior border at level of sacrum. Dentigerous processes of vomers posteromedially inclined, narrowly separated medially, between round choanae, shallowly notched posteriorly, free behind for about one fourth of its length; nature of vocal slits unknown.
In preservative, dorsum dull grayish brown with brown middorsal mark narrowly outlined with black; middorsal mark originating on midlength of body, coalescing posterior to sacrum, terminating at opening of brood pouch. Many irregularly shaped, dark brown spots many irregularly shaped black spots; narrow dark brown transverse bars on hind limbs-four on thigh, three on shanks, two on foot; those on surfaces of body and limbs dull gray. Markings on head consisting of distinct grayish white labial stripe continuous with narrow rostral stripe onto edge of eyelid; loreal region and side of head posterior to eye dark brown.
In life, dorsum of head and body tan ( Figure  4A ). The broad middorsal mark on the body is reddish brown; it is narrowly outlined with black, which in turn is bordered by creamy tan. Lateral to the middorsal mark are irregular dark spots become smaller and black. The dorsal surfaces of the limbs are dull brown with darker brown irregular spots and on the hind limbs one transverse bar on the thigh and another on the shank. The posterior surfaces of the thighs are dark brown with cream granules. The loreal and tympanic regions on the head are reddish brown and narrow rostral and canthal stripes are dull cream. The throat is dull grayish brown; the belly and distal ventral surfaces of the thighs are dark brown with cream granules, whereas ( Figure 4B ). The iris is brown with orange Measurements of holotype (in mm) are: SVL 47.2, tibia length 22.9, foot length 24.0, head length 16.2, head width 17.7, interorbital distance 8.0, internarial distance 3.9, width of eyelid 4.1, diameter of tympanum 3.0.
Variation.
the holotype in structural features and coloration.
Distribution and ecology.-Gastrotheca spectabilis is known only from type locality at an elevation of 3308 m in northern Departamento de Amazonas, Peru (Figure 3) . The holotype was collected at night walking on moss near the edge of a patch of montane forest on a slope covered by páramo. The subadult paratypes were the ground in the same patch of montane forest. No other anurans were found in the same patch of forest; however, several individuals of Pristimantis sp., G. aguaruna, and G. phalarosa were collected at the surrounding páramo.
Etymology.
spectabilis is a Latin adjective meaning showy. The name refers to the unusual dorsal color pattern.
Unnamed Species Gastrotheca species D. (Figure 5)
This species is represented by two small 15.5 and 16.8 mm, respectively. Both were collected in Quebrada Salas, 2575 m, Distrito Vista Alegre, Provincia Rodríguez de Mendosa, Departamento Amazonas, Peru (Figure 3 ). Both specimens were collected by night (21:00 h) on leaves 1.5 m above the ground near a trail in primary montane forest. Sympatric anurans were Hypodactylus sp., Pristimantis corrugatus, P. schultei, and P. sp. Advertisement calls of Gastrotheca were heard from the canopy of forest at the same place.
The skin on the dorsum is smooth with a few minute tubercles. The dorsum is pale brown with slightly darker markings consisting of an interorbital bar connected to paravertebral marks the thigh and two on the shank ( Figure 5A ). The belly is dark grayish brown. The distinguishing color markings are a black inguinal region with 
Discussion
The South American tectonic plate separated from Africa in the Early to Middle Cretaceous and arced northwestward to encounter the Nazca Plate, the subduction of which was largely responsible for the orogenic events resulting in the rise of the Andes. There is a major structural Ecuador and northern Peru; this is the referred to as the Huancabamba Depression.
Andes north of the depression and those to the 2000). As summarized by Duellman (1999) , the of relatively low mountain ranges separated by low basins. In the depression the major cordilleras of the Ecuadorian Andes and the Peruvian Andes terminate or are fragmented into isolated ranges usually no more than 3500 m high and separated by valleys mostly between 1000 and 2000 m above sea level. The Cordillera Colán is one of those isolated highlands with valleys mostly are covered with dry scrub forest consisting mainly of legumes and cacti. Dramatically different vegetation is found on mountain ranges, such as the Cordillera de Huancabamba. On the leeward slopes of this about 1700 m, above which humid mountain forest prevails to about 3000 m; above this a great amount of moss, and many terrestrial and Elevations above 3000 m in the northern Cordillera Central are characterized by regions of grassland (puna); the puna dominated by bunch grass (Stipa) with small bushes (principally Baccharis) and terrestrial bromeliads and with deep mosses in some places.
Frogs of the genus Gastrotheca in the high Andes (mostly above 2500 m) make up the subgenera Duellmania (14 species) and Gastrotheca (36 species including two unnamed ones). The distributions of these 50 species range from northern Colombia to northwestern Argentina. The enigmatic Gastrotheca galeata in the Huancabamba Depression was placed in its own subgenus, Edaphotheca, by Duellman (2015) . No species of high-Andean Gastrotheca cross the Huancabamba Depression. Two other species, G. testudinea and G. weinlandii, occur at elevations mostly below 2500 m in the cloud forests on the eastern slopes of the Cordillera Oriental in Ecuador and the Cordillera Central in Peru. The new species from southern Ecuador and northern Peru necessitate a revision of the patterns of distribution of Gastrotheca provided by Duellman and Venegas (2005) .
Gastrotheca occur in the southern Cordillera Oriental; of the 14 species recorded from northern Peru, nine occur in the northern Cordillera Central (Table  1) . Among the Ecuadorian species, G. pseustes and G. sp. C inhabit páramo; the former descends into subparamo and montane forests. Gastrotheca psychrophila inhabits terrestrial bromeliads in subpáramo; the single specimen of Gastrotheca "Amaluza" was found in humid montane forest. The other species (G. sp. A, G. sp. B, G. litonedis, G. lojana) have restricted distributions in Andean shrub and montane forests; G. sp. A also inhabits pasturelands, and G. lojana frequents agaves in dry farmland (CarvajalEndara et al. 2017) . Of the Ecuadorian species, G. pyschrophila, G. sp. C, and "Amalusa" are not sympatric with any other species of the genus. However, G. psychrophila and "Amalusa" are known from single localities, and G. sp. C is known from only two localities. In contrast, the widely distributed G. pseustes is sympatric with G. sp. A and G. lojana throughout most of their ranges and also occurs sympatrically with G. litonedis and G. sp. B (Carval-Endara et al., 2017) .
Three species of Gastrotheca are known from the low to moderate elevations in the Huancabamba Depression, where G. galeata and G. lateonota are endemic but allopatric. The third species, G. monticola, also inhabits the Occidental and the northern part of the Cordillera Central. Two species, G. aratia and G. peruana occur only in the Cordillera Occidental, and G. mid-Miocene, a time when the Andes were lower whereas the species in both subgenera differentiated from one another in the mid-Late Pliocene. Thus, as the cordilleras attained higher elevations in the Pliocene and Pleistocene, the ranges of proto-species of Gastrotheca (and other genera) became isolated and species differentiated allopatrically.
The anuran fauna is rich and diverse in the Andes of southern Ecuador and northern Peru and the intervening Huancabamba Depression. This is especially true of strabomantid (Craugastorid) frogs (Duellman and Lehr 2009, Lynch 1979) . Ten species of strabomantids are northern part of the Cordillera Central (2 Hypodactyus, 1 Noblella, and 7 Pristimantis); nine of these are endemic to the region. Undoubtedly, the Cordillera Central in northern Peru contains many more species of anurans awaiting discovery, description, and phylogenetic placement. The high elevations of this cordillera have one of, if not, the richest anuran fauna in any high-elevation region in the Andes.
